NP220s form a family of DNA-binding nuclear proteins originally found in human cell lines. Four isoforms of NP220 are produced in humans and mice probably by alternative splicing of two sequence units. They have RNArecognition and arginine/serine rich motives commonly found in many nuclear proteins important for pre-mRNA processing. In order to analyze the function of NP220s, its gene was disrupted in chicken cell line DT40. For this, gemomic DNA clone of chicken NP220 was isolated and the gene was localized to chromosome 4q2.7-q2.8. Chicken NP220 conserves MH1 and zinc finger-like motives found in human and mouse NP220s. Despite its expression as a mRNA of 6 kb in wild type DT40 cells, disruption of the NP220 gene did not impair the growth of DT40 cells.
Introduction
NP220s form a family of DNA-binding nuclear proteins originally isolated from human cDNA library (Inagaki et al., 1996) . NP220s share four types of domains with matrin 3 (Figure 1 ), an acidic 125 kDa protein abundant in nuclear matrix (Belgrader et al., 1991) . MH1 locates near the N-terminus and MH3 locates at the C-terminus of both matrin 3 and NP220s. MH2 repeats twice in matrin 3 and three times in NP220s The sequence of MH2 has similarity to RNA recognition motif of hnRNP I and L (Ghetti et al., Supported by Research for the Future Program of the Japan Society for the Promotion of Sciences (JSPS).
1992; Dreyfuss et al., 1993) . A zinc finger-like motif locates between MH1 and MH2 of both matrin 3 and NP220s (Matsushima et al., 1996b) . In addition, NP220s have an arginine/serine(RS)-rich motif found in U1 snRNP 70 kDa protein (Query et al., 1989) and non-snRNP pre-mRNA splicing factors (Ge et al., 1991; Krainer et al., 1991; Zamore et al., 1992; Fu and Maniatis, 1992) , DNA binding domain and ninetime repeats of LVTVDEVIEEEDL (acidic repeats) (Inagaki et al., 1996) . In experiments of isolating mouse homologues (Matsushima et al., 1996a, b) , we found four isoforms of NP220 produced by alternative splicing of two sequence units (Figure 1) . A 34 amino acid sequence unit is deleted in the β form Figure 1 . NP220/matrin 3 family of nuclear proteins having four homologous domains. The domain organization of four NP220s (α, β, γ and δ) and of matrin 3 is compared. MH1 and MH2 are domains with unknown function present at N-and C-terminal, respectively, of both NP220s and Matrin 3. MH2 has homology to RNA recognition motif of hnRNP I and L and repeats twice in matrin 3 and three times in NP220s. 'Zn finger-like' is a Cys 2 -His 2 type zinc finger-like motive present between MH1 and MH2. Four members of NP220s are produced probably by alternative splicing of two sequence motives. DNA binding domain and acidic repeat are unique in NP220α and β.
while another sequence unit of 704 amino acids is deleted in the γ form. In the δ form, both sequence units are deleted. Reverse transcription-polymerase chain reaction showed that mouse have the transcripts for β, γ and δ forms while human have α and δ forms. MH1, MH2, MH3, the zinc finger-like motif and RSrich motif are retained in all NP220s while the DNA binding domain and the acidic repeats are deleted in NP220γ and NP220δ. The shortest version of NP220 (δ form) has a strikingly similar structure to that of matrin 3, suggesting that NP220s and matrin 3 have similar function. Retention of RNA-binding motif and RS-rich motif suggests their potential role in RNA processing occurring in inter-chromosomal space of nucleus but no cytological and biochemical approach tested so far could uncover their function.
DT40 is a chicken lymphoma cell line induced by an avian leukosis virus and has high efficiency of targeted integration of foreign DNA at a frequency comparable to random integration (Buestedde and Takeda, 1991; Takeda et al., 1992) . Since DT40 cells provide a convenient system of the targeted gene disruption at cellular level, we cloned partial genomic DNA sequence of the chicken NP220 gene, determined its chromosomal localization and disrupted its allele in DT40 cells.
Materials and methods

Cell culture and transfection
DT40 cells were maintained in DMEM supplemented with 10% fetal bovine serum at 37 • C under humidified 95% air/5% CO 2 . For the maintenance, the cells were split to 1 × 10 5 ml −1 every third day.
For the DNA transfection, 10 7 cells were suspended in 0.5 ml of PBS containing 30 µg linearized plasmid and electroporated with Gene Pulser apparatus (BioRad) at 550 V and 25 µF and the cells were transferred to 20 ml of the fresh medium and incubated for 24 h (Wang et al., 1996) . Cells were then re-suspended in 90 ml medium containing appropriate drugs and divided into five 96-well plates. After 7-10 days, drug resistant colonies were transferred to 50 ml T flask. Concentrations of drugs used in this study were: 30 µg ml −1 mycophenolic acid and 2 mg ml −1 G418.
DNA and RNA extraction
Genomic DNA was purified from DT40 cells with DNAZOL (GIBCO/BRL) according to the manufacture's instructions. Total RNA was extracted from DT40 cells with acid guanidinium/thiocyanate/phenol/ chloroform method (Chomezynski and Sacchi, 1987) . 
Screening and sequencing of genomic clones
A DT40 genomic DNA library in λFIXII vector, gifted from Dr Tateo Nakayama, was screened using the human NP220 cDNA clone HK2 (Inagaki et al., 1996) as a probe. Approximately 2 × 10 6 phages from each library were screened in a buffer containing 50 mM Tris-HCl (pH 7.5), 5× SSC, 5× Denhardt's solution, 1% SDS and 100 µg ml −1 salmon sperm DNA. After hybridization at 53 • C for 16 h, filters were washed three times with 2× SSC containing 0.1% SDS at room temperature and once with 0.5× SSC containing 0.1% SDS at 53 • C for 30 min and exposed to X-ray film (Fuji). The genomic DNA clones were analyzed by restriction endonuclease mapping and Southern blot analysis. Pertinent restriction fragments were subcloned into pBluescript and sequenced by the dideoxynucleotide method using a DNA sequencing system model 377 of Applied Biosystems.
Chromosome preparation and in situ hybridization
The direct R-banding FISH method was used for chromosomal assignment of the NP220 gene to chicken chromosomes. Preparation of R-banded chromosomes and FISH were performed as described before (Matsuda and Chapman 1995). The chicken 16 kb NP220 genomic DNA fragment inserted into pBluescript was labeled by nick translation with biotin 16-dUTP (Boehringer Mannheim). The hybridized biotinylated probes were reacted with Cy2-labeled streptavidin (Amersham). The hybridization signals were visualized by excitation at wave length 450-490 nm (Nikon filter set B-2A) and near 365 nm (UV-2A). Kodak Ektachrome ASA 100 films were used for microphotography.
Southern blot analysis
Genomic DNA (5 to 15 µg) was separated by 0.8% agarose gel electrophoresis after enzyme digestion and transferred to Hybond N + (Amersham). The 0.5 kb BamHI-BssHII fragment of chicken NP220 genomic DNA was used as a probe. Hybridization was carried out in a buffer containing 50 mM Tris-HCl (pH 7.5), 5× SSC, 5× Denhardt's solution, 1% SDS and 100 µg ml −1 salmon sperm DNA. After hybridization at 65 • C for 16 h, filters were washed three times with 2× SSC containing 0.1% SDS at room temperature and once with 0.2× SSC containing 0.1% SDS at 65 • C for 30 min and analyzed with a Fuji Film BAS 2000 Image Analyzer.
Northern blot analysis
Total RNA (10 µg) was separated by 1.0% formaldehyde agarose gel electrophoresis and transferred to Hybond N + (Amersham). The 3 kb BssHII fragment of chicken NP220 genomic DNA was used as a probe. Hybridization was carried out in a buffer containing 50% formamide, 50 mM Tris-HCl (pH 7.5), 5× SSC, 5× Denhardt's solution, 1% SDS and 100 µg ml −1 salmon sperm DNA. After hybridization at 42 • C for 16 h, filters were washed three times with 2× SSC containing 0.1% SDS at room temperature and once with 0.1× SSC containing 0.1% SDS at 65 • C for 30 min and analyzed with a Fuji Film BAS 2000 Image Analyzer.
Targeting vector construct
As a source of targeting vectors, we used plasmids containing the neomycine resistance gene and the Eco- gpt gene (Mulligan and Berg, 1981) , which are under the control of chicken β-actin promoter and inserted them into the pBluescript II plasmid. These plasmids were gifted from Dr Shun-ichi Takeda. The 2 kb BamHI-BssHII fragment of chicken NP220 genomic DNA, which contains the MH1 region, was blunted, ligated with a SalI linker and inserted into the SalI site of the neomycine resistance gene or the Eco-gpt gene after Sal1 digestion. Then, the 4 kb BamHI fragment of the chicken NP220 genomic DNA, which contains zinc finger-like motif, was inserted into BamHI site of the plasmids. These Neo-NP220 or Eco-NP220 constructs were digested with PvuI before transfection into DT40 cells.
Results
Identification of the chicken NP220 gene and its chromosomal assignment
We screened a DT40 genomic DNA library using the HK2 clone, which encodes the N-terminus of human NP220 (Inagaki et al., 1996) , as a probe and isolated two clones having identical restriction fragments. By Southern blot of the fragments after subcloning, we identified a 12 kb genomic fragment encoding an exon with overall amino acid sequence homology of 57% to human NP220. Since the sequences corresponding to the MH1 and zinc finger-like motives were almost perfectly conserved (Figure 2) , we concluded that this clone encodes the chicken NP220 gene. Northern blot analysis of RNA extracted from DT40 cells using this clone as a probe gave a signal of 6 kb (see Figure 6 ). Using this 12 kb genomic DNA fragment, we localized the NP220 gene to chromosome 4q2.7-q2.8 (Figure 3 ) (Chick Genome Data Base: http://www.ri.bbsrc.ac.uk/chickmap/chickbase/ chickgbase.html).
Targeted disruption of the chicken NP220 gene
In order to know the function of NP220, we tried to disrupt its allele in DT40 cells. For this, the 2.5 kb fragment encoding the MH1 motive and the 4 kb fragment encoding the zinc finger-like motive were inserted to the left and right side, respectively, of either the neomycin resistance gene or the Eco-gpt gene to produce the targeting construct of Neo-NP220 or Eco-NP220 (Figure 4) . At the same time, we prepared a probe (Figure 4 ) for monitoring the targeting by Southern blot analysis of DNA extracted from drug resistant DT40 clones. This probe should give fragments of 2.5 kb for the wild type allele, of 4.7 kb for the targeted allele by the Neo-NP220 construct, and of 4.9 kb fragment for the targeted allele by the Eco-NP220 construct.
After introduction of Neo-NP220 or Eco-NP220 construct into DT40 cells by electroporation, we could isolate eight G418-resistant or twelve mycophenolic acid resistant clones, respectively. Four out of eight clones or seven out of twelve clones, respectively, were disrupted at the NP220 gene ( Figures 5A, B and data not shown). No clone was disrupted at both alleles. This result shows that the frequency of targeted integration was comparable to that of random integration. In order to get DT40 clone in which both alleles of NP220 were disrupted, two Neo-NP220 targeted clone were further targeted with Eco-NP220 construct. Twenty eight out of fourty neomycin/micophenolic acid resistant clone were disrupted at both alleles ( Figure 5C and data not shown).
The absence of NP220 mRNA in these clones was confirmed by Northern blot. As shown in Figure 6 , the 6 kb band detected in the wild type cells (+/+) was absent in the disrupted clones (-/-). Nonetheless, these clone could proliferate at the same rate and had the identical morphology as the wild type cells. Reprobing of the filter with a matrin 3 cDNA clone did not show any change in the matrin 3 mRNA level. In experiments not shown, we separated the cellular proteins by two-dimensional gel electrophoresis (O'Farrell, 1975) but could not detect any difference between the wild type and the disrupted cells. These results indicated that NP220 is not essential for the growth of DT40 cells.
Discussion
The primary transcripts of eukaryotic genes undergo a series of RNA processing including 5 -capping, premRNA splicing and polyadenylation before they are transported to the cytoplasm. These processes are mediated by numerous RNA-binding proteins having several types of conserved motives. The most widely found motive is a RNA-recognition motive (RRM). It is composed of about 80 amino acids forming the RNA-binding domain (RBD) which is often repeated more than twice. Another motive found together with RRM, is a sequence rich in arginine/serine motive (RS motive). Since NP220s have both RRM and RS motives at the center of their sequence, we expected that targeted disruption of the NP220 gene might impair the RNA processing in DT40 cells. However, the disrupted cells did not show any modification of the phenotype and could proliferate normally. It was possible that the function of NP220s was substituted by matrin 3 but Northern hybridization did not detect an increase of matrin 3 mRNA levels. In a preliminary experiment of disrupting matrin 3 gene in DT40 cells, we could obtain DT40 clones in which either of matrin 3 gene allele was disrupted but we could not obtain the clones in which both alleles were disrupted. This suggests the essential role of matrin 3 for the proliferation of DT40 cells. Since matrin 3 is expressed in extremely high level in various cell types, matrin 3 may have general function needed even in B cell line like DT40 cells. In contrast, the low level of expression of NP220 in most cells sugestes that it is not essential for this specified type of cell.
